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63293-26C1 

This Invention relatea to a method and apparatus to.r 
hamtlrtg aiv eloacsftCed space or lOcatLcin cotlbcii.nin^i an cjlonyatod 
hfiutor, Hora psxtitularly, the invention ralateg to « XepT.JcJ.ciaJ 
realBtancft he-^t^r for hefttinqr «iti oion^ifttext «uJ>tdtraftcAA lioiohoLo 
At: rflt&ij which are different at different depths the bor^UoX*, 

:[t i.ft known to l>* b&rjoiloiJil to ub** ejLoaffat<id tieaters 
nMCti 3S woll ticaters, for heating tftte.rv^Xp c>t ft^ibterran^^an earth 
i otmAtLon'J, plpo Intoriors, or oth«T elongated spanes. la varlou/s 
3fi,tuation», it is desirable to heat suxjh Bpacea at celativtly hicjh 

10 te[n|?e:catuTft& tor relactvel^' ion^ tiRe«. B^nofilcial rcaylta 
ohtslnod hy such heatlnc| may IncJ.ude pyrollzlog oil sUalfi 
f ormatUona, oQ)i:iiog ol.l to consolidlato unconftolidflUftd r&»oivoijf 
torofiatloiis* <;dHln7 oil to form alettricaLly conductive carbonized 
iionas capable of op«rAt.\n<j RB ftl^JCtrodftft wltJlin ft rci:eivoir 
j^Ottfiftt^oxif tharTTiallY <^iaplacing hydrocarbonB derived froiK oils or 
tara iixto prod\ir;tlou lopat.loas, pteviiiitin^ foraatloti cl tivdrBktoa, 
prfrtj J.pit.at<:5, or the lih« in fluids which art* being produced frow 
wfella and/oTc tra^Bultted through pipes, or th^ ilke. 

Tho invt!Vj]tioA &lif.d to provida a haatlncj ^.pparatua vhich 

20 J.s Cftp^ibl^ of generatingr heat at different ratfts flit dltfereut 
dtftpt.UB in a well. 

In accor(^ance vrith the Invention th^re Kb provided in a 
procasa in whioh «uht«rrafltaii earth formationrj within an intiirv?il 
mofo tttnn 100 foet long are heated to a tenperature of inore than 
6<}0^C. f ao that heat da inj«ct<cl frub«tantlal.iy unitormly into ih&t 
Interval'^ aA liriprovonidnt for constructing an<3 Installlnc^ a heater 
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tiavtnqr an el*<:tL-tca.'l cable heating aecxion which is fre€ o£ 
Kp.Hces, ooMprioiiig: con:^trutrtiutf ^iuicJ h^oeing cablo r.ection by 
compreaaively avag±n<i ax Least, one portion Qt a iuaot±(M\-.tira« 
elef^tric^ii heattug cahlft to radiico itu al^u at salO at IwABt cirni 
portion, sRi<S cabla la at XeB.at %$ lon^j &B tUfi ftftrt.h J!o rmat j.on 
.i.uterval to be heated and comprlis^fj an ^AxiciXly oi'ii^rj&df inailloahio* 
eleotrically conductive ctira cyrronnded hy granylar THtnenfliX 
iti!;ulation vithih a mstal ahoath, 30 that avn^fed poxtion gr<ineraxec 
heat at a uate hlqrher t-han the unevaqfed porciouj correl^atiny th« 

IQ iocAtion ot 3itia sw^gift^ witrj tho f>nttc;i-n of ti6at conduCtivttY In 
the earth forcna'tlon interval bo tUac n% IftApt one ooifnpr<^8(*iv«ly 
«\*Rgftd portion ot tho ciihla S.« located Alotii? tha caibio in a 
l^DBitlon auch that, rvhen the cable in extended along the liavtti 
tocTTiatlon intfixvAl to be h^atort, th& conpr/jSAlv^ily i^wai^oU sorttoti 
is adjacent to a portion of T.he earth foraatlon Intfli^val in which 
ch* heat fsonducttXvtty roiiittvoly hl^h^ connoctin? oaid 
?jQlortivG3.y swayod heating cable section to at least one power 
supply GfxUXe artd spooling the lt3tftrcotin«c ted cables f and 
unspooiing the lnt*irconnected cable a into a velJbore along with a 

20 »/e:9ht"Bi2pporT.in<j iDfttal c^ondutt vhil« t'^e J-odicaJ ly antachlnq the 
c;a)>loA to ^hc conduit and ojttandinp the cables and conduit to a 
depth at which the con.preauively awaged portion^ of the cable are 
positioned adjacent to tUo ©arth rormatlon.') having a ralativsly 
hist* therrual conductivity. 

The invea^iion will now he »^Kpldln«c3 In moro detail «3tri 
r^feronca to the accompanying drawings, in yrhichi 

2 
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riffiira 1 is a thrQe-diTnanDioiicii lliu»t7ation Of an 

^ortioTifl auitabla for use In the 9reoQiit invention. 

flguTc* 2 sobQ^F^^loRXJlv U.luptr^ces tcbe ins^to.l.llDg of an 
oloctrlcsii ro»l«tanc6 h&atar vithirj the In accjtjrdaftcro witln 

the pjce&eot IrvveuttQW, 



2a 
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rigixre 3 ahcvro a. isplioc bcrtt^^ee3; a metal-iahaatfisx^ iriiiuj.at:>?cl 
pcDs^' isupp.ly c.^ble and a ^nBt«lL-l5^/Jf1t^ec^ inaulatEd cskblti sultaJt>.le A3 
a becitiiig eleroent of Wis prestaftt inventJ.cax, 

Pitjures 4 ai^3 & illustrjjrta Spllcos for fD.lsr.tricxillY intar- 
5 oonxia^ting the ccax^tive cor-ea of a pair of n'eta l-fi^acthed minarsii- 
i,nBJalateS heating cables suitablci us boing cabJ.es ui the preoent 
Lnvwition. 

figure 6 nho^-s em dlcctrjjoa.l pos«r Bup^J.y ciroaiL 3Ult3bl^ f/yr 
use in Ulne preeent irmititinci. 
Ijf) "(Sv? preeent invention Is at l-fia^b in part premiiJcd 00 a 

diiioovcri' ttvit the paxrpsML'tioa of an el.ec:tricaL acxidix;bc>r fsixti as a 
ifctai-ahoathsd soJlid iratHrJiil- insulated electrically ctrdiuctJlvc 
cahis ccntalniof? a single copper ccro) are sujr:h that results of an 
application Of oon?>res3ivo wragir>? to ths c/itsidn of the Jietai 
!'> tiiftath are tranamittoa through the inmilaticn to tho oore of ['^^& 
cab.le \n a cnarmar euch thit Oftdh of these occrpcrents tirfi 
suJDetantially sijcTiLtaiieoJifily ro;5iice;i ir\ c^rass-sEo-tiuneit corea fey ulna 
sacro relative amcwnta* Tna reductiCOG Ui thfi cable coi^ crOaiS- 
flGCtioorwl area can be cnntr called to cause the swagai pcjrticoi of tho 
20 oablci to generate a significant ly higher sircjflt of heat laerr unit 

time than tJ^fc which wouLcf have bcerv cj«rjcrat«<l wlthm^t the ro.Taging, 
Qvioan at a subs tan fej-ally lc«><er ten^ratorei. 

Xn a proforr^ eatood:lwei^t of tbR invention, succh a ajwaglng is 
da>a by A proofliSS OE rotaty gwaging, amoLinting to oci\prcssl]'*g the 
25 cablo with maiKi' bla^iz «ipplle>d b^' rtrtatirxgr ddefi. Itotating swaging 
dET/inaa and techniques &ro kr^Jn and ccniDencially a\'siiijbi£5. BilCh 
TTQchinea ooiironly oorrtjJ.ri two die? wViAc^ recd.pmcate rapidly as a 
spirjdle in ^^±dii ths^ dru tncHinrtod Ic rotaireid, A coei^Jresaive rotary 
swaging operation invnlves a hsriKBring 4urtion whicb haa thsi aaaca 
30 bsiftflf idal iiiabcrial on n»tal an forging. It produces a desirable 
groin structure resulting i^ an incLieaflEd tenBilQ atroaigth mvl 
elasticity . Thd ooltl (ifi tcuperatuxe^ siraginq tends to work harden 
EToat jretallic materri&ls- If deail^, such a hArdening (vnn b2 ifiaclfi 
more fleocible by anneftlinv- 
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:tn a rcrtory swayju'^gr i^peuratica, the ex\:ent to wtiicfi the swagsi 
niatjer:^^! ia reduced Ln crce.'^serrtLcnal anca can l?e controlled very 
aocumbcLy. Pnr essaawplxj, sinoo a wtal-ehaatbad aolid nateorial- 
insulated n.-Tppsr'CTor*sd cdoctrlcaO.lv^oonduL-tiuc c^b.lft h*3N^^'EB a 
13 a-jlid if^Ltcrilal during a rotary tAvag:liag c^feraticxi , such a Cftb.l^ 

havincj a dismster o€ trncn abzut 0.69 to L.25 on can be ^A^^lJge(3 tx^ a 
reduced diAfjCitor vith accurjiLy oi Abcut pl.UB or minua 0.0025 Ott. 

figure 1 illuatrAtes 3VTag«i and unawagcd portiona of a cable 
poreferredi fear ua» in the preasoit in^fenticn. In tlie oab3>? ^Ixwii/ a 

10 BtftinLosa steel aheath 2 surroun<ig a mirjeral insiilciticn 3 

DOffisi sting of bdghly cxcrprassed grains of ira^neaium <»;ide 5inc3 a 
aolid ctixiuctive cajia 4 of subctwitially pore ccpp^r i& 
cnnceiTtrJ.CJfliLly ?3urroundEi;3 by thc: insulanioii aond aheath. In a cable 
of" the type ahawn, where tiie inner and oatOP djarw3t€*Tfl of tho 

1^ Rheath X iira 7,25 aiid 9 itui ajid thu diajrotar of tl'j© oosie ^ is 3 nm, 
iu tne uiiBwraged porfclon< the cabljs may ^sjisratB a temperature at 
abotit 600 "C '>*Mn Qonducttny 180 cnpertTRS of altcrmtlr/^ currenr-. 
However, ii\ a awagerl portiofii of tlie c^e hacying fl dlanoatar reduced 
by lfi?s, A tecfperaKiore of about 830 *C is ger/^ratad when tho wible 

20 IB cmdixjtingr the saroe crjri^t in thca same eiivironTOnt* 

In a yjiTOierrefl eahodurent, the prastjftt itwentAcffx can ba 
utiiix^ for i>rovidiug a fcrmation-tailoraJ irethod and a^ppariituij 
for unifutwly hjeartlng long tncexvala af aubterjc^ouaan earth 
ftarmafiiana at high tGitparature . iixrontrciinq to- this /tethcd 

25 si:^errai»an interva3.fi ars hcatodi with an electric heatjor 

oarita.luln9 at .l©3Ht one spoolable stoeL-shed.thei miner a L- insulated 
c?ftbl(S bai'iTV? a aoiid oantvaL cjore of high olec^?^ic3l cunductivity, 
^uch a tablo CEm be cirrangeJ to he&t tha earth fai:wacic;nB ao tlintt 
haat 1*1 trananltted into the formtions at a substarieially unifom^ 

3f) rata, evert wbecPi the hoatii^ inyolviaa ncra thM about. 330 watta per 
ostre at tesnpfijriitLffQS bctsween atot 600 eti-xi LOGO Ilrie uriifcsnKity 
of tliQ hecit traJUirtib'Jion is einstired by prcyi'iding the heater with a 
pattern of electritial roflistanceg with a3?pth within tlve veil 
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oon^arteca vith tlie patcen^ nf heat oandLictivity witiVx depth withiti 

FigoTR 2 aho^^^a o pre^forrcd eiclxv-UTTent of a sTQll heater erf the 
present liwientian baing iiistfitU.e:i within a wail. ilihcwil, a ^ir 
1^ of sei<^ively swatjiid hiifttcr oabXes v.lth swigai 2irtrt un:A/SLc;ecl 
porticna tbe typz islicwn l.n FLgurie .X are bgirg uns^Led i.aix) a 
voli frcfri spooiing Enaaim 5 cind 6 while d support membsr 7^ such as 
a wire lino or ajxxiiahle metal oootluit/ is oonci^-ntintLy unap^olod 
into the xeil from a gpooJ..lt>9r rteai\a (m>t tihcwn) . O^ne .\cw€r end of 

ID ttie support ntftans 7 is ai;t^:u±ai to q motor irosJia 9, as a 

linker bar fot' a vertical well cor a eui^ipc^ld or ether Itoccnr irBana 
ft>r ^ sub6tantdaj.ly bcrizaaital ^^eU. ^ha la^>ir aairis oJC the ^Jeat.■in9 
ostoler (Waged partions lb, are necbanlcallv attactiKd Vjq a cable 
junction OS en(H:cniTector 9 in vhlch the cm;*antive. ddteb aro 

15 alactricalLy Lnt)esroonri8H:t?j(3 (as shown in itort detail xa i'igure 4). 
'Iha jtiTjCbion 9 ia aXstn iredianically ocnnsctcd to the support', msnbei- 
If for escflttOpbD ioy a strapp-itvi maans L2. The Icwnr ^ijiids of bhe catole 
porta aia, *jihlch <!ire L'weuge4 for iTvzreaaed haatirj^, arc olcctrlcBlly 
int-^rccxmactdd in the SXA conj^ctor 9 !^ pDaitian&d to OKtcarl 

20 thTxxigh tha zone atal^a^tad tor recjoivliv? the insnsased heating. 

tlia vu^awagEd porticos la ot* the he>attr^ c3i>Lear deaigrad fior 
mininsX heating along tho 8£onQ to be heaced, are pnaltioned to 
extciyS above tbo gwaqed portiona lb for distance suf fi.cient to 
rsACii a zone- x<hlch la cool emrfjjgh for an ihtoroKifl'^'t.'irja^ of ti*^ 

2S heat.^ng cable poctim^R la wi.tti pcwar aiipply cables 10 by Tnswna a±' 
jcdrrtfi or cplioes 11 ior electrlgrally arxi nodiouioally inter- 
□cnnectir^^j ths powcxr supply irjc{ gu'4 b^tirjg cahlaa. Iho pcwer ^pply 
cables 10 ore earroin^ed for CRrryivjg a ^elacbed LuiOuJit oi current 
whllft generating ouily A iQinlital aroDunt of heat* Tna detaxls of. 

^0 suitable ircchaiiLcal arid electrical cable coimecttng .joints for UbO 
witti iiiatal*eheathed minaj-al-inaulotasid power supplying cgblea £ire 
illuutratod In irlgure 3, 

As the bMf iJii? 3nA pcwer supply cablos 1 and 10 are run :lnto 
thill wall , alcrxj VJ.lth cJie weight-supporting strand 7 » the CflW.es are 
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pariodicaiiy at•tac^Jfld to t±a £itruind 7 ts^' iveana of ciojn?e or 
^?tr£jppijici ctiG&Jifi ].2- Sf^ch clawpti ^lCCj arranged for creartiDy * 
frict-icji hetwecn th;? cablsa aiid sitrind which Ib auffiuiont to 
^:uppart the wsigtit of lengths of thQ oablos wHir-h are IjtXtitCd 
5 botweeu the clarnps. 

Figure a iilaatr£it6S dtotal.ls of prefermi arran9e<rentR of 
splices 11. ?Ji shewn, the: power aupp.ly cahia 10 hftfi a meUl ateath 
L4, audi as a ccppar Bheatii, surroundinqr ^ insulated olecto.ca.ily 
ccofSuctivB oyrc- 13 having a ac3crfaiivitlcn ot oTDSB-aeDtional Area anfl 

ID electricai roslstajxe per unit oi' Icjagch adapting it to carry i^a 
current to be ucedi \n the hsating cpcratiori wJiilfi: gereratiog cnly 
an insigrjificiuit anounC of beat. Aw shewn, the power cable iboath 
14 aa veil as & power c%ble core 13 bjxs larger Ohai^ tha atovith 2 
arijd core 4 of the uns»Eigo^ port.-ifart of l-^ting cablo la, th^ 

15 oroihictivc cx>re9 of tlie csljle are> olectTicalJy intarcwsiinccbed, 
preferj\bly by weJdirjcj, Xn general, the pcwer cable can a^fprice 
jjubstantially ar^' t^ipft of elactricAlly ooonObctive cable which i3 
adequcrtsiy heat stabJje at the teirperature geiieraced by tho minixnum 
heating p:>rttcjin oC a b69.tlnig cable aich aa la, Wliere fiie KBxinuni 

^0 selected hfls±ir>j t.€£T^?erAturo is sufficiently loi/ and/or tliP 
distcftice batTween the supply arkl zcne to ba licatedl iG 

ade^tely sbort, tha pdrw^ supply c^le cs.n can^-l&s* a irotal- 
sJieathed mrjeraL-inj?aiatQcl b-oll<^-cOGCied c^le wtjich ii5 fialectjwely 
Rwaged to prtrvic^e tlsD aolccted besatiJ^g tjen^atjure that no 

?5 splices 3tx*h Bplicea 11 aro nDCxied. 

A3 shown in Figure 3, a ralcitiVQly short J^leeve 15, au::h as "a 
steal Sflfe.^«VC/ is f..itt«d arcrund and walckd or braced* or otherrwiso 
flr£i=hanicaUy ^ittach©^, to the aheatii 14 of the power cable 10. IhQ 
5lea«/ta 15 is prefcrabiy selected to tidivo sua inner di.ametfir fniminy 

30 an anijular spaoD botwoein it ac\^ aheath 2 largo onciigh to 

aocxsrercdata a BhortfiT atoel sLeeve l€ fitted arcAind th£ st^eath of 
f;1'^ cable la» In a pL^ofiirrod a.S9eJ5*tl."ing prcosiaure, bdforc iosser tirjgf 
th/i short jjleeve 16, BPjbBbarrtially all of the annular aiiV-CQ beuveen 
caJjle core TTfSTfcera 4 and 13 and clcev« 15 .is filled with a 
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pcTN-daref] minaral insul^.t-inc) cnatRrlai £*.ich as magneaium c«idfc. The 
in^.ulexj.ng material is preCftrably <2cfpoaitta v/lthlri tx>th l:he annuii^r 
•opact? ly^a-feen Uie* c^iblc oorcf* and ttie eieeve 15 ets vce.U- af» the 
s^oe betv^eei^ the q1«bvc 15 and the Rh^th 2 c/i the cable la, amd 
^1 vibrsrtGd to ocn-pact the nkias OJf particle?, aieavs 16 cm tJien i:e 
drl'Tcn lnl:o cte spaoa betSKSon the slewR 15 ar>d attoath 2 oo that, 
tha ocBSi; of mliieraX ineulating pttrticlcs In coanpactad by the 
ttovtng forc3. Slocfvee; 15 and Ifi ord ah^-ith 2 are then weldtsci or 
j3fX9:5ed togeti:ar. 

10 ficiure A illMStrabC3 c3e tails of an end ooamootor or splicxj 9. 

AS shofti^ cables lb ana CKtOTidued thtmiyh holea it\ a steel binds 9 
so tJiftU slxxrt ae=ti.cn& Ic cxtenvi Into * cyliiidrical opening in tJie 
contra], portion of tla block- Tlwi electrically conductive oqre/? of 
tha cables axe wel<ied together B.t vreia 17 an^ the cab.Le shoaths are 

1? 'x^ldejd to block 9 at welda IS. P.ruicr^ibly, the cei^trsl oancluctocrs 
□f the cablos a«> sorrcvTrjded by a hant etffblc olectricai in^ilation 
such as a c\k\Si^ oS coicpactecl pc^\ier<^rd mineral pfirtlcles aivVor by 
disc? ot. ceramic iratsriAla (not shown) / after vdiich the CfiJitral 
ap&nir\q is 9ea,Xe<3^ for exomplflr by sreldlrug-cn piec?aa of ateal (not 

2Q 3h.Twa> 4 where the heater sucported^ as !?tv3wn in ?igure 2, by 
attaching It to an elongated cylinAricftl structural merabar 7, a 
groovo 19 Is preterably f DxnEd alcsng am oxtcrior port.icn of end 
Epiioo 9 to mate with the stxuctiiriil meaiib-jr aja<l racilicata the 
attaching of the end pLeoe bo that inembar^ ior Qxat!tp}.e, b^' a 
strapping cteznifi 12- 

Tigure 5 ahuws a preferred type of end cDnnector whidn 
cl imiiiateB the nae^ for CJJtting and welding a hea'Ler <xhlB to foriA 
a peiv af heoftur cobifiiS, 5UCh as cables 16 » U'be bedter cable is 
flliipiy boi^t into a a-tum and inechanixiRiLy clanpad to block 20 }>y a 

30 fcoibed-oax cl-^jnpitjg plate 21. The> bioc^c 20 is preferably pro'/idQcl 
with grow 2?. to facilit^to tJ-jO clm[>±Vf} of it to a cylindrical 
structural ipsscberr sor^h the cylindrical orterahor 7 shown in 
Pigtira 2. 
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3ubE5tontUlLy aviY ri: ox ix: sytta:n C6p«<bie of cauaniig 3i haixtar ol: 
t-ha 5>rciicnt type ro heat at tho &2;lect?ed a Lively high L'ato. S-och 
a beatirg rata can fee flbcut 3in w^tts metre or TOffft. 

5 Fi-csure 6 is a dlEkgram of a praferi^ airrQn5eae^it of 

alternating cun^t oiectrtoat p^wer a^jpplylr^ clea)en+--fl citable 
ftrr the praaent typQ of heater, Thia arraiige^t Includes cv^-o 
invcr£?e, parallel, siUison-oantrolled nRrtifierB OCRs) in ths 
circuit of. l^th elerasnta of A twcHsJ^meiit'. heahar, In such a 

10 ML?jic3d sy;3te;Ti tba hesater lags fibofuia J;e ot eqnal resiBtanoo so 
that tha (xnble coce jnrv^tioxip paint A, (witlxin end ocmnecbDr 9) osn 
raiain at 2oro voLtage or virtual i^rooiid pobcna.aJ., Itie shsathB of 
the beaten- cablos are cxannected bo tha grounded oeritre t^ap of the 
tracrisfiaim^ spjcnndary- Since palxit A repreBants th<a wal-dod 
13 ccc^xscticxn VLt;Hiin the end piccjo 3/ the pocesatral differenoo bcfcAseen 
the ocnnectlon ard the housing will bo zeoro tor all practical 
purpoaei;. Tflisse poinfeg c^->^ld bs in filactrlcal ccnta.ct %'itJiDut £iny 
ccnductlon of current* At pointa advancing upward aJ.cn? the lege csf 
the ^iBatBT. the potje^ntlal dLffereix» betwetfm tho shoathg and tha 

20 otoctral ctofxJuctor osa ijnoraase and finally reach (naxinwnia .-^adh as 
plus or minus 2<0 V. 

tn varidua BltuatLons in whicJi an elongated cspaoe ia to be 
ixeatadi tt>e in aitu tlrjsrml ooondiLWttcn u^iay vary ^i^i.ficor/tly 
vittAn vaLrioua iayars or looatjbcns alcsigr that apace. A iiirtru hoat 
oondivrfcive layEX will carry off thft hoat generated b^' a heater 
faster than a leea conduct L\'e liaycr. Au a rtsult, the tenperatisrs 
jrtQintained by an electrical rciaistancti lio&t^r oarxying 4x qiven 
oHicmt of curcont will y;e ]jc:)Wf?r oppagites u flora conduct i^/e layer » 
In aitualiofl6 In v.'hich it Is desired tn nknititain a tlAt or itniform 
30 beating rate alojlg the fiy^HC5 txjj.rj? heated, it ia dasir^iblo to 
re^e tN? heater ocra crQSfi-&sctiooftl aroa in yix^ar bo generate 
heat at the aame rate thjtt in ot3^er portions of the heater whJch 
an? liotter. 
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An oiocfei'ica.l rRBiatoico h/?ater ccu\ ba csubucI to <3^jcrate 
selected hefifttr/if raKfjfl at difitiortarit Icoatlnna alocig thu hcatear Iry 
installxDc; hoater sectioiia acntitinlryj coavaucbora af varying olosp^ 
aecti-ms. v'vVie BjaiLl£x acre or ooaviuctca: crces-sectinna eixhlbit wore 
5 rQsiatan:^ to thu ciocrtrical cuirent fla^ aivi thua genafate Srjeat st 
a rate higher than \ic\A\d be 96rx>rafeeifl b/ a tiiickac core At tiia f^cfr^ 
tefT^ature. t^3r eacanpldr it c<n,-x heat at oi saiccrtecl rata at lOf^ 
tanpsrature existing along a r?l?iUivelY rvare hent caxSucl'.ive l^yer 
ou sotic; v/it^liP tha apacB jb«ir/9 heft ted, 

\0 1b3 present inventium proviclp? a method o£ causing a heater 

havir^g dn GSlectrically conductive ocofw v^i-drj ia crtrttinuo\;i3 atwi 
lanitary to gemrate ccnetant and/or soLecteti ^tnmta of heat alaxf 
one m: a snultlplicj.ty of dlf ferenrt partlons of the heater without 
requiring a iioLtltuxte heating cabl^ st?lio2S. rarticuiarly where 

15 tha heatlno is tn ba cxDcidustecl at- reUkively high tcn^'Crat-iTnea for 
loyig tlTneSi xeldirtg prc&Ieiufi 4snd opportjonLtieB iSar loaKage ar^j 
itthorent .-In wiy cutting aJid s?J.icl3l? of electrical h)aatin3f cablen, 

Irj respect; to a)^ elactricsal ttSGistancse boater carprislng a 
pair of eLfiitrically Iwtr.rconns^bad iOatal -sheathed solid mtcfial- 

20 inaulatfict coblufe eac^l containing ii malleable (nctal elflctrically- 
ooTLductiTO Qor&, f^ar f^ets of rntary switch trig dies cai\ ba arranged 
for px'O'/ifllniy yorcentages off c^iairetj'ical rodjucticns of 5/ 12^ IB 
and 24 in th6 inlbtal overall diameter of oaoh cable and its 
ccndurjtive cxxTG, By rec^clixy ore portiDo erf: the- cable diameter by 

I'/j 5% ajv3 anothfix by 12% , the overall reduction is 9* . ^ soch 

FcaxKdLTrePr tl^a nv¥?rall croiss-scctlcoal reductiana for both of 
the haater can be prtTvidtid in oight st^s of roughly 10« c;ac]% Pcor 
OKfutple, see VJhe fuHowing tiibie: 
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ra sxich a prooedurB^ if tJve ^bove-^ecribad paxaforrod power 
auppily 1j5 to be nseO, it i& rtAoaesayy that each leg of ^Jia hoater 
after re-iuctiana iu ils corre di^fisberr have en overall rEeiatjjico 
oquallin? that o£ tho otJuji: leg after reiuctions in .it a o-ura 
5 diairiHtef . This Is noodssaxy to enBure tho sgto wltacje potential of 
rha irctsrD<:mrtC:CtCKj CQlvSuctcra in the erxl pi«2ce. T^rnJS, it is 
ixec^gggocy tz? divldG ttje cver&ll extents cxf elHcrtrical care 
re^ctioos evenly <X'Qir both longtlw erf th** haatar. 

Subatanfciall/ any oaiioi'OSilve swaqJltig pa:orat3ura which is or 13 
10 Bub&tisntldlly c<yuavalent bo rotsry ^tqlnss con siutatoly be iii,*od in 
practisirug thic preswit iTXVtjntian* -^caix^les of 5vacji.i>g irachims 
and/or teciwlquea which c^cn cuitably to used ace incluRi^ra of ditj 
closir^ sw2ugiJig nwuchiii&t!/ such as thnee nf^naf actxired hy The 
Tt>nrir*gton Ctjii^jony, or Abbey Aetna i^chine Cbirpany or rcnn 
t.5 M^nufacturirq, etc. 

EVTwer au^ly cdolc^ capeble of trflonsnittin/? thd OTCiint; of 
rjurrenc j^iectjed to ba uesod whiio gcTwnting only a ral2ttiv»>ly 
insignificant amount of haat and havin^;^ sufficient themirtl 
iStabilJLty foe eljectrical and rtocJifcinical ati^acfrnnmt to tlui jrotaL 
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^heaiilxftd cable sGit>;;te<i for qneonerating a taininrujci amcwnt of heat can 
suitably uaed in this Inverit-ton , Exanpias of saah catolieB inclutla 
thoce ava.il^blje ii's QlCC/Pyrotcnac rabies. 

la gcoer.ilf in a fiituutlon In which an eLectrlcal conductor 
5 r^d not M lnsulabe<^, tha presfsnt Invention can ba tu'ewti^ed ^tch 
substDntialiy ani' e.lftctrical cooJuctor vAucn xb ocmtinucus and 
unitary ii.a^ is a ocKnttnuoLia bcdy fr<JO of inberccnnected * eegicejits 
ox strarjflaj eand has a o^re f>r canductjar thickness (.l.e, a croBS- 
};ectlooal aorea of tJie e.lectTically ccxiductivo (Tfiterlal) N'hich is 

10 different in differcint locaticxxe along the lorjgtV] of t->^ e-lautricea 
oonauctor, Preferred elocJtrioaJ conductora CiXi^ise sjr/jl^i 
ccrxluctive cores of mliedbie iTBtalg ox alloys aurrouxw3cd by a haat 
9tahlG eolia j Insulated iraterial witivin a heat stable iJfj&tAl sdieath 
Buch aa refractory pcw«3er or solid fibre insu-lacing materials 

\3 wilfciiiu onpper or stODi sJieatJis* A aop^' corf5 surrounded by 

powderecl uagnsaiurti o«t<to witl^an a copper sheath for use at nodsfrata 
twnperatiurea, or a stAinlesg steel ehsath tbr ucc cit high 
tarperaturea, is psiticuLwIy preCeTi:!^^. 

In general, the present invention can te ytilxKOd to initiabe 

?0 and itoiiitaJn a svbfitantially unifionn rate ofi lieatirxf along ei space 
contaiftitxj At: least one prartiom baviflrj A rolabively irato ofi 
lieat oonductivity and/or to establieh said mint^.^n a relatirjely 
hi^ rata of haating a-Xong Belected purtiocis alcr/g a spaoa 
. thrcojhcat which the rai^e ocf heat ccncSuotivity is nearly uaifatnt- 

^5 I'V^ v^ist:ion3 ici hriatt CQnriuotjvity with diBtarxya ailcog an 

eUxgatcd path can ije detjannino<5 by Tnesnn of nunerous knc^.ifli Wid 
:iVflilabl€ t357icstf arjd technic^ s. 

In a parcinoLorly prsfurrfxi procedure for util.lzirg the 
pt6S>3tit irnxnticn tor heating alcftg a path aloiKcr viiich the Yj^mt 

30 conductivity is noi^-unifbm, a selection is made of the rate of 
heatincf bx> be prwiK^jfed when an electrical ctmdwtor haviivg the 
coTpceition bo ba used xs ccnAicting ths ^mcurrt of cyrreot to ba 
U9e3 within n homcigonaous tTKdluxn Ivacvinq thB l<wstit heat 
ccoductiviti' to ba enoountCKCd aJcixy the path to be heated. The 
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juaxlimifti thicknobb* for t'ne elertrioftl ocodccfcor to bs \\s<->5 5 s lYcn 
tbfi bl3\cJcneaa which provtcfea ttvxt rato of haattvjq in thtsX 
situatica, 'the thick/icss of pcrticns oi the o:<idujctni- to be 
I«aitlcsne<i alnrig portions oi! tlvi p^th whid\ have Incitvsrr fc«at 
nocidiictivitles are then Kikdo tlUmsr to laa axt^mt substaint^ally 
i-:aT^satlnjg fxjr cha irors r*ipid canilwtiiig^wfiy of the I'^at hy 
those higher haat oa]Klurti.vities. 

i^Xtemati^y, whero it ifl ^feair^'-le to generate heat at 
i-eUtivaLy rapid rates along porbiorLS of a peth to bs hcateci (for 

10 cxaKple/ along tcp and hot ton portions of a mibterrancan odrth 
fartratii^) such an arrancjejwsnt can ba rtiadb, a.Vcbcr.igti tiiB Vxmt 
cctictuctLvity mcii' be siibf3t9nt:iaLly unifooot all along tha path t-i> ]je ■ 
heatficL conductor thickness siii roslsLaitce to be used Along 
nio^ of t3ie c^.le cooductor aire ee.lectiedl bo prcvitte the ge.i^ted 

15 rate of hiwting along a hcfnageneooa iTBterrial hovinc; the luiat 

cccductLvity oanico to ajoiit of tha irrtarval to be heortoa, Tben» fvh^ 
tfore rapid heativjg rate along ac]j6i:±Ed portion? of the path can be 
obtained by thinnltwr the port-ionfl of th& oondujctcr to be extt-ntaod 
along those portions of}, the path» 
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THE fii:-(BOT>:i;MR?lTR OF THE INVEHTIOH 111 ^HTCH AH EXCLySIV3 
PftOPSHTY OR PRIVILECB 13 CLAIMKn ARE DEPIWBt) AS i;'OLX.OW&i 

1.. In a procaas In which aubxarraneau earth f ocunatXc^wB 

vfLthin an Interval more tlxau J,0(l ^eet long are hoat;ti<*. to <^ 
nempAcature ot tnoto tli^a 600^C., so that hflot is inj&ctod 
autiatantlaXly \mif.ori/.ly into that Itit^tvaL^ an i^vrovamsnf: for 
constructing &nd -installing) a iiaater hsvincj an alectrtcal cable 
heating section whtoU ia free cf eplic^ft. coTnpriAingj consjtr uctiaqr 
dai6 ll^&tJ.ft^ CBiJ3l« Inaction tay compxesa tvely swacjlncf at leaat on« 
portion of a jui>(itioTv-tre e ft\€CtclcaJi heatifji/ c&bl<i to rc4ucd it:^ 
6l26 At Keiid *t least one portion, said cable la at least aa long 
aa the earth fo.Trmatiou in^terval Co be l^eat^d and oompxiss^s ah 
ax:la1Xy aM.^Ji^^d, mftliealJia, ol«ctri<rally conductive cor^i 
surroundod by granular ml^exaX ILnffulation within &\ei:ai shceith, 
BO that ftWdge<l portion g«n*jr«ites heat at a rato higher than the 
UfVitHag^ed portion; caruelating th<; looan.lon ot said Rwaglng vith 
the patt/?rn of heat con(Su<Jtivity in tUa odirth fornt^ition interval 
BO tliat at luaat one comprasaivoly swaged portion of tha ccTbl€ ir. 
located aloixg the cable iu a po«luion Bvich thdt, whrsti thn (^nblc Lrj 
ftxtendeJ alorig Iti^ earth foxTnation internal to lie heated, the 
coisproHsj YQly dxaqfed portion la adjacent to a portion ot tUe earth 
eortnatton interval irt which tha heat condurtivity Is rfllatively 
hl^h) connoctingr said selectively ftv?agec\ heatlii9f cable Acction to 
r^t least one power supply cahie ^ind lipooLincr the Intarconnectad 
cablas^ aad ^iciapooliny the lut.aroooLiected cables; into a woLlbore 
along with a weight- supporting metal conduit vhilo periodicaily 
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itt^cht i^q tUfi aabiep to tUft condulT. s.iid fixteAdlncj the cab.TfiB and 
conduit to ^ do^itl) at whicii the co^t^pc*>nJii^o'lv ."jVa^'od pc'ttions oi* 
the cable ^are poR iLtionfid adjac;enx no xMk «arth torra-iUJLona tvavtog 
r^lativGiy hi<jfh tharniai can<^uct.i vity. 

Sr BIGG AH 
Pi^TB«T AGHNTS 
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A_D 3 T R A C ? 

IEE2VraKG HATS VAIOflNT 
EljCKGkTEr) ELlXTTPTCAti RKSIffJAKCB IIEATER 

An electtrjjcal nGaLRtajxe lieaber c^LpohLe of gtsnoraKlng iwat at 
differ^t rirtjRS at 4i±fienerjfc io£>!Ltions a.lcng ita lerx^ ccirp(ri;555 
ccntinucos arid unitary e.lectuical oonxluctor hacvir^ a thickiicsa 
v^iich is different at different Icoditioos aLaig ^.te length. 
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